Abstract: This paper develops and estimates a cross-sectional model for forecasting research output across the Australian university system. It builds upon an existing literature that focuses either on institutional comparisons or studies of specific subjects, by providing discipline-specific results across all of the ten major disciplinary areas as defined by Australia's Department of Education, Science and Training (DEST). The model draws upon four discipline-specific explanatory variables; staff size, research expenditure, PhD completions, and student-staff ratios to predict output of refereed articles. When compared with actual averaged output for 2000-2004, the results are highly statistically significant. 
I. Introduction
There is a growing focus in the Australian university system on quantitative research performance assessment. However, to date this has mainly concerned performance assessment in aggregate and this is inconsistent with the most recent policy emphasis on university diversity (Abbott & Doucouliagos 2004; Valadkhani & Worthington, 2006) . Put bluntly, focusing on research performance at the institutional level ignores the varied performance that occurs at the disciplinary level, and the application of funding on this basis serves to stifle innovation in key research areas and maintain underperforming and outdated research areas. This approach serves as a disincentive to focused, responsive, innovative and diverse research in Australian universities. Where specific disciplines, such as economics, have been analysed, this has tended to be on an individual rather than comparative basis (Mein 2002; Pomfret & Wang 2003; Neri & Rodgers 2006; Johnes 1995) . It is interesting to note that data on the number of published refereed articles by academic staff members affiliated to Australian universities have been reported and analysed only at the institutional (aggregate) level. We contribute to the debate on research performance by providing the discipline-specific estimates of the annual average number of refereed journal articles (referred to as research output hereafter) during the period 2000-2004. The major objective of this study is to specify and estimate a cross-sectional model for the Australian university research output using all available discipline-specific data during the period 2000-2004. The rest of the paper is organised as follows. In Section II we specify a model to explain the number of published refereed articles by university and discipline. Section III discusses the source, description and type of data employed in this forecasting exercise. Section IV presents and analyses the empirical results of the study, and Section V offers some concluding remarks.
II. Theoretical Framework
The research output (Y) in this paper has been proxied by the number of articles published in national and international refereed journals by academic staff members affiliated to Australian universities. The research-output determination model is specified as follows: It is hypothesized that as the number of academic-staff members (S), whose job description requires undertaking research, increases, the magnitude of research output rises due to the size factor. This means that the expected sign for the size factor is positive 1 0 β > . It is also assumed that, ceteris paribus, the availability of more research funding and PhD students can boost the research output, suggesting that both 2 4 and 0 β β > . However, an increase in teaching and administration workload in a particular university (proxied by rising student-staff ratios) can curtail the research output. It is thus expected that 3 0 β < . It is postulated that if all the four explanatory variables in equation (1) are equal to zero (particularly the number of staff members), the research output will be equal to zero. Based on this argument, we have adopted a regression-through-the-origin model in this paper and as a result the intercept has been removed from equation (1).
In order to identify any possible outliers or abnormal observations we will compute( )
, we keep the i th observation in the estimation procedure, otherwise it will be excluded. Finally one can substitute the discipline-specific values of the four explanatory variables (rather than the aggregate figures as discussed above) into the final estimated equation (1) to obtain the discipline-specific values of research output in the following manner:
where:
Y is the estimated value of research output produced by the j th discipline in the i th university using the estimated coefficients of equation (1).
In order to ensure that the research outputs by various disciplines in a particular university add up to the actual aggregate research output for the concerned university, in equation (3) 
Where ij Y % is the forecasted (and adjusted) value of research output produced by the j th discipline in the i th university, m is equal to the number of disciplines.
III. The Database
Before embarking on our empirical quest, it is important to look at the sources and definitions of the data employed in this analysis. (5) Overseas sources. The last variable employed in this paper is SSR ij or the average full-year student-staff ratio (all students) which is also available by institution and the same 10 consistently defined broad fields of education for the period 2002-2003. Similarly we averaged all available observations during this period to avoid any possible abnormal observation for a particular discipline within any university. Both RE ij and SSR ij are also available from the DEST website.
The full database employed in this paper has been included in Appendix.
IV. Empirical Results and Policy Implications
The estimation procedure involved the following three steps. First, the OLS method was used to estimate equation (1) using all 37 cross-sectional (university level) data. We looked at the resulting residuals and if ˆ0.30 i σ < , we included the i th university in our sample. Based on this criterion, we excluded the following 5 universities: Charles Sturt, RMIT, Southern Queensland, Sunshine Coast and Swinburne. The relationship between the research output and its four major determinants (as specified in equation 1) for these 5 universities was very different from the other 32 universities (0.30
. Third, we then used the aggregate university-level data (32 universities sorted in alphabetical order) to estimate equation (1) and the results are presented in Table 1 . .4
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Recursive C(1) Estimates ± 2 S.E. output, respectively. Consistent with theoretical expectations, it is also found that an increase in the student-staff ratio (by say 10 per cent) leads to a fall of 3.9 per cent in the research output.
The equation passes successfully all of the reported diagnostic tests: the Jarque-Bera normality test, the White heteroskedasticity test (with or without cross terms), the Ramsey RESET specification test, the Chow breakpoint test (splitting the sample in the middle, i.e. the 12 th observation), and the Chow forecast test (using the last 10 observations for out of sample forecasts). The Theil inequality coefficient for the out-of-sample forecast is also as low as 0.065.
These results clearly show the ability of our model to forecast beyond its estimation sample.
One problem associated with analysis of this kind is non-constancy of estimated coefficients which can create economic and econometric complications in deriving any inference from the empirical model. Given differences among the 32 universities in terms of their size, portfolios and research activities, parameter constancy is pivotal in modelling the determinants of research output. Therefore, the estimated model in Table 1 has been evaluated by a number of recursive diagnostic tests, which are displayed in Figure 1 in the following order:
where panel (a) displays the CUSUM test; panel (b) shows the CUSUM of squares; panels (c) and (d) depict the recursive residuals and the associated one-step and n-step probabilities, respectively; panels (e) to (h) show the recursively estimated 4 coefficients using observations 9-32 in the same order that these coefficients appear in Table 1 (from top to Table 2 . As explained in Section II, we also calculated the difference between the total actual research output and the total predicted research output for each university using ( )
. In order to maintain the equality between the total research output and the sum of the discipline-specific research outputs within each university, equation (3) is used to proportionally distribute the difference across the 10 disciplines to obtain ij Y % . The results are then presented in Table 3 Table 4 ).
We also argue that the differences among universities can be as substantial as the differences among various disciplines within the same universities. Therefore, if the relationship between research output and its four major determinants works so well among so many different universities, the same average relation can probably be applicable in the prediction of research output across difference disciplines within each university. Finally, the final discipline-specific number of refereed articles in Table 3 can be used to identify the key research areas across Australian universities.
V. Conclusion
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